Assessing Health-Related Fitness Tests in the School Setting: Reliability, Feasibility and Safety; The ALPHA Study Several studies determined the reliability of health-related fi tness tests assessed by trained researchers under standardized and controlled circumstances in youth [9, 10, 15, 18 -22, 25, 28] . Whether fi tness tests are still reliable enough when performed in the school setting by physical education (PE) teachers remain to be investigated. The school setting is an ideal place to carry out fi tness monitoring because virtually all the children and adolescents attend elementary and secondary school and therefore can be systematically monitored [32] . Schools may play an important role in identifying children with low fi tness via standardized fi eld tests and promoting positive fi tness-enhancing behaviours. If this is the case, feasibility and safety are major concerns in testing [33] , however studies examining these issues in children and adolescents are scarce. The aim of the present study was to determine the reliability, feasibility and safety of a healthrelated fi tness test battery administered in the school setting by PE teachers.
Introduction ▼
Physical fi tness is considered an important health-related marker already in youth [23, 27] . Physical fi tness can be objectively and accurately measured through laboratory methods, yet due to the high cost, necessity of sophisticated instruments, qualifi ed technicians, and the time constraints, laboratory tests are still not feasible to be used at population level. In contrast, fi eldbased fi tness tests are easy to administer, involve minimal equipment, low cost and a larger number of participants can be evaluated in a relatively short period of time [24, 26, 30] . In the school setting, fi eld-based fi tness tests are a practical and feasible option to assess physical fi tness. Validity and reliability are two characteristics that need to be assured for any measurement tool [8] . Validity refers to the ability of a test to refl ect what it is designed to measure, and reliability refers to the reproducibility of a test in repeated trials on the same individual / s. A reliable test is considered when an individual performs a test on two or more occasions under the same conditions and close proximity in time and obtains similar results [13] . safety were assessed by researches by means of direct observation. Signifi cant inter-trial diff erences were found for the standing long jump test (3.8 ± 12.7 cm, P < 0.05) and for stature (0.73 ± 0.8 cm, P < 0.001) in children, and for waist circumference in both children and adolescents ( − 0.82 ± 1.2 cm and − 0.35 ± 0.8 cm respectively, P = 0.001). The feasibility and safety items assessed presented a successful answer. Therefore, the results indicate that health-related fi tness tests administered by PE teachers are reliable, feasible and safe to be performed in the school setting.
Methods ▼
The present study was performed under the framework of the ALPHA ( A ssessing L evels of Ph ysical A ctivity and Fitness) study. The ALPHA study is a European Union-funded project aiming to provide a set of instruments for assessing levels of physical activity as well as health-related physical fi tness in a comparable way within the European Union. A detailed description of the ALPHA study has been published elsewhere [17] . PE teachers randomly chosen, with 5-years university degree in Sport Sciences and qualifi ed for PE teaching in the school, were informed about the aims and methodology of the study and volunteered to participate. Likewise, a comprehensive verbal description of the nature and purposes of the study was given to the children, adolescents and their parents. Both students and their parents or guardian signed a written consent form to participate in the study. It was performed in accordance with the ethical standards of the International Journal of Sport Medicine [12] . Six PE teachers from three primary schools and three secondary schools (2 women and 4 men) with a teaching experience ranging from 3 to 12 years, administered twice (7 days apart) a health-related fi tness test battery in 58 children (aged 6 -11.9 years) and 80 adolescents (aged 12 -18 years) in Granada (Spain). The physical fi tness measurements were administered during the PE lessons. The fi tness test battery was administered in two standard PE lessons, plus other two additional lessons to administer the re-test measurement one week later. The two physical fi tness measurements were performed at the same time of day and by the same PE teacher.
Physical fi tness assessment
A detailed standard operating procedure was designed and thoroughly read by every PE teacher one week before the data collection started. Questions were solved in a consensus meeting. In addition, an individual (one PE teacher at time) one-day (5 h) training session was carried out before data collection by two experienced researchers. They were trained on (i) anthropometric measurements (how to identify the Frankfort plane, how to identify the bone landmarks and how to measure the skinfolds); (ii) fi tness assessment (how to measure the fi tness level in children and adolescents, assessment preparation, and how to distinguish correct and incorrect trials); (iii) and about how to handle the questionnaires. This process was performed to ensure standardization of data collection . As the measurements were performed in the real school setting, every PE teacher organized the tests according to their own school circumstances, i. e., test inside or outside, 20 m shuttle run test in one or more groups, anthropometry in a specifi c room or in the classroom, etc. The health-related physical fi tness components assessed were: cardiorespiratory fi tness, musculoskeletal fi tness and body composition (weight, stature, triceps skinfold, subscapular skinfold and waist circumference). The inclusion of body composition as a component of health-related physical fi tness was completed following the recommendations of the Toronto model [6] and the ACSM guidelines [2] . The scientifi c rationale for the selection of the physical fi tness tests was based on their evidence-based predictive validity [27] and criterion-related validity [7] .
Cardiorespiratory fi tness
It was assessed by means of the 20 m shuttle run test. The participants performed the test as previously described by L é ger et al. [14] . Participants were required to run between two lines 20 m apart, while keeping pace with audio signals emitted from a pre-recorded CD. 
Upper body muscular strength
It was assessed by means of the handgrip strength test using a hand dynamometer with adjustable grip (TKK 5101 Grip D; Takey, Tokio Japan). This dynamometer presents a high validity and reliability when compared with calibrated known weights [10] . The participant squeezed gradually and continuously for at least two seconds, performing the test with the right and left hands in turn, and with the elbow in full extension as described elsewhere [10] . The grip-span of the dynamometer was adjusted according to the hand size for determining the maximum handgrip strength using the equations specifi cally developed for children [9] and adolescents [29] . In children those equations were y = x / 4 + 0.44 for boys and y = 0.3x − 0.52 for girls while that in adolescents were y = x / 7.2 + 3.1 for males and y = x / 4 + 1.1 for females, where x is the hand size (in cm), and y is the grip span (in cm). The test was performed twice and the maximum score for each hand was recorded in kilograms. The sum of the scores achieved by left and right hands was used in the analysis.
Lower body muscular strength
It was assessed by means of the standing long jump test. From a starting position immediately behind a line, standing with feet approximately shoulder ' s width apart, the participant jumped as far forwards as possible on a non-slip hard surface. The test was performed twice and the best score was recorded in centimeters.
Anthropometry
Participants were barefoot and wore a t-shirt and short trousers. Triceps and subscapular skinfold thickness were measured on the right side of the body with a Holtain caliper (range, 0 -40 mm; precision, 0.2 mm). Triceps was raised in a vertical fold halfway between the acromion process and the superior head of the radius, in the posterior aspect of the arm, and subscapular about 20 mm below the inferior angle of the scapula and 45 ° to the lateral side of the body. It was performed according to Lohman ' s anthropometric standardization reference manual [16] . Waist circumference was measured with a non-elastic tape (Seca 200; range, 0 -150 cm; precision, 1 mm), at the level of the natural waist, in a horizontal plane, which was the narrowest part of the torso, as seen from a front view. In some obese participants, it was diffi cult to identify the waist circumference, therefore we measured it in the midpoint between the superior iliac spine and the costal edge in the midaxillary line [21] . The measurements were taken at the end of a normal expiration, without the tape compressing the skin. The measurements were carried out twice, but not consecutively; all the anthropometric variables were measured in order, and then the same measurements were repeated once more. The mean of the two measurements was used in the analyses.
Feasibility
The following ítems requiring yes/no answer were collected by the PE teachers o researchers: 1. Whether the children and adolescents wore appropriate sport clothes to perform the healthrelated fi tness tests. 2. Information about whether the tests ' instructions were properly understood by the participants. 3. If any participant rejected to perform the measurements, and the reason / s (1 = shyness, 2 = lack of motivation). 4. We also asked the PE teachers about (i) the school ' s appropriate facilities to perform the tests, (ii) if they considered the tests easy to administer, and (iii) their previous experience in administering these tests. 5. Furthermore, we also registered the time required by the PE teacher to prepare and administer the tests. An acceptable level of feasibility was considered when the items were ' positively ' answered in at least 95 % of the cases [35] .
Safety
We recorded the following items requiring yes / no answer: 1. Instrument allergy, in the case of anthropometric and handgrip assessments. 2. Sick feeling, in all the tests. 3. Pain in hand or forearm in handgrip test. 4. We also recorded musculoskeletal injuries during or after the physical fi tness assessment. 5. Delayed-onset muscle soreness (DOMS) was assessed with a questionnaire that was completed 2 to 3 days after testing took place. This questionnaire included questions about the experience and severity of DOMS, the location of the pain or soreness, the particular test that could cause the DOMS, and the functional consequences of DOMS in usual activities. The DOMS-related questionnaire was completed by individual interviews. An acceptable level of safety was considered when the items were successfully answered in the 99 % of the cases. The level of safety was higher than the level of feasibility because we considered the safety an important aspect of the physical fi tness tests. Feasibility and safety of the tests were assessed by two trained researches with previous experience by means of direct observation, i. e. they were in the classroom when the physical fi tness tests were being administered by the PE teachers.
Statistical analysis
Test and retest (hereafter called T1 and T2) were compared between boys and girls and between children and adolescents by means of two-way repeated measures analysis of variance (ANOVA), with sex and age group as fi xed factors. Since no sexspecifi c eff ect on reliability of the studied physical fi tness tests was found (all P > 0.2), the analyses were performed for girls and boys together. However, age group-specifi c eff ect on reliability was found in three of the study tests (all P < 0.05), therefore the analyses were performed for the whole sample as well as for children and adolescents separately. Potential systematic error between test and retest (also called bias) was analyzed by means of repeated measures ANOVA. The diff erences between test and retest scores was also examined through diff erent error measures. Suppose that N cases are available to evaluate the error measurements, where ŷ is T2 and y is T1. The sum of squared errors (SSE) was calculated as:
We also calculated the mean sum of squared errors (MSE):
The root mean sum of squared errors (RMSE) was calculated by converting MSE into domain units by taking the root square:
The percentage error was calculated as:
We also calculated the standard error of estimate [31] as follows:
where SD is the standard deviation of the T1 for every test, and R 2 is the explained variance between the measured T1 and T2.
Moreover, the inter-trials agreement was also examined graphically by plotting the diff erence between each pair of measurements against their mean, according to the Bland and Altman approach [4, 5] . The 95 % limits of agreement for all the physical fi tness variables were calculated as the inter trials mean diff erence ± 1.96 SD of the inter trial diff erences. The presence of heteroscedasticity was examined by using oneway ANOVA in order to determine whether the absolute intertrials diff erence was associated with the magnitude of the measurement (i. e., inter-trials mean). For that purpose, age group-specifi c quartiles of the inter-trials mean were established. A signifi cant association (P < 0.05) would confi rm heteroscedasticity, which means that the inter-trials diff erence of a test would diff ered with the physical fi tness level groups. All analyses were performed using SPSS v.16 software for Windows. For all analyses, the signifi cant level was set at 5 % .
Results

▼ Physical fi tness assessment
Mean and SD values for the test and retest trials according to age groups are shown in • ▶ Table 1 . The inter-trials measurement error for the whole sample is shown in • ▶ Table 2 . Signifi cant differences between test and retest were found in stature and waist circumference (P < 0.001).
Signifi cant inter-trials diff erences were found in stature for children (P < 0.001), in waist circumference for both children and adolescents (P = 0.001), and in the standing long jump test only for children (P < 0.05) ( • ▶ Table 3 ). The Bland-Altman plots ( • ▶ Fig. 1 ) graphically show the reliability patterns, in terms of systematic error (bias or mean intertrial diff erences) and random error (95 % limits of agreement), in those measurements which presented a signifi cant inter-trial diff erence. Those measurements were stature and standing long jump in children (0.73 ± 0.8 cm and 3.8 ± 12.7 cm, respectively), and waist circumference for both children and adolescents ( − 0.82 ± 1.2 cm and − 0.35 ± 0.8 cm, respectively).
The heteroscedasticity analysis showed a positive association between inter-trial diff erences and inter-trial mean in weight for adolescents (P < 0.01), in stature for children (P < 0.05) and in skinfolds thickness (triceps and subscapular) for both children and adolescents (P < 0.05) (data not shown).
Feasibility
Most of the feasibility items presented a positive answer in ≥ 95 % of the cases ( • ▶ Table 4 ). The only exception was the body composition assessment, specially triceps and subscapular skinfold thickness, which was considered by the PE teachers as not easy to measure in 17.8 % of the cases, mainly because they were not familiarized with the equipment.
The maximum time required to prepare the tests was approximately 3 min in the anthropometrical assessment and 3 min in the physical fi tness assessment (only handgrip strength and standing long jump Our results concur with those observed in previous studies. The studied fi tness tests also have an acceptable level of reliability when administered by a trained staff in children [9, 18] and adolescents [10, 21, 22, 28] . No signifi cant diff erences were reported between test and retest in handgrip strength in both children [9] and adolescents [22, 28] . The standing long jump test also seem to be reliable in adolescents [22] , whereas no information exists for children. No diff erences between test and retest were reported in the 20 m shuttle run test in children and adolescents aged 8 -15 years [15, 22, 25] . Regarding anthropometric assessment, the error has been traditionally considered unavoidable [19] and has been frequently studied by means of technical error of measurement [19 -21] . The inter-and intra-observer measurements errors for skinfolds and circumferences can be minimized by paying close attention to every aspect of the data collection process.
With the aim of making the data as close to the reality as possible, we asked PE teachers to administer the measurements in the school setting, with only one previous training day. We observed that the reliability was high in all the study tests except in stature and standing long jump in children and waist circumference in children and adolescents. Our fi ndings concur with a similar study in boys and girls aged 5 -12 years [32] . The authors compared the weight and stature measurements performed by school nurses with those performed by a trained research staff . They reported that weight measurements had a good reliability ( < 0.5 kg between school nurses and trained research staff ), while stature measurements required more attention especially among younger children because of the importance of proper positioning in order to obtain an accurate measurement [32] . Several studies have indicated that the reliability of stature measurement may improve in children when two or more measures are obtained and averaged [1, 34] . We observed a relatively low reliability in waist circumference and standing long jump in children. In waist circumference it could be due to the fact that this measure was performed by a person with just one day of previous training. It is well established that there is always certain anthropometric measurements error [19] and it is diffi cult to take a correct measurement [35] . Therefore more days of training could be needed so that the waist circumference measurement would be easier and more reliable. A low reliability in standing long jump could be due to performance on the day or even learning eff ects (positive systematic bias) exist among standing long jump tests when repeated measurements were performed for children. Ortega et al. [22] examined the reliability of standing long jump in adolescents. They suggested that neither learning nor fatigue (negative systematic bias) eff ects occurred in their study, on a test-retest basis. To our knowledge, there are no studies examining the reliability of standing long jump in children. Although signifi cant diff erences were found between test and retest in stature for children, waist circumference for both children and adolescents, and standing long jump test for children, the mean inter-trial diff erence for these measurements was Table 3 Inter-trials measurement error by age group. Table 3 ). This suggests that despite the signifi cant diff erences between test and retest, from a practical point of view these tests can be used in the school setting to evaluate children and adolescents. The heteroscedasticity analysis showed signifi cant association between the magnitude of the measurement and the diff erence between test and retest in weight for adolescents, in stature for children and in skinfolds thickness (triceps and subscapular) for both children and adolescents. It is well known that accuracy in skinfolds thickness and circumferences is higher in lean subjects compared to obese subjects [7, 11, 26] . Diff erences in heteroscedasticity for weight and stature between children and adolescents can be due to their diff erences in the homogeneity (i. e. SD and range) between age groups. No heteroscedasticity was observed in physical fi tness tests.
The information regarding the feasibility of the tests indicate the presence of some rejections because of shyness (especially for body composition) and lack of motivation, yet it occurred in less than 3 % of the cases. In contrast, all the feasibility items presented a positive answer in ≥ 95 % of the cases, indicating that the health-related fi tness tests administered by PE teachers in the school setting seem to be feasible. All PE teachers reported that the school facilities were appropriate for performing the physical fi tness tests. Moreover, all the physical fi tness tests were considered easy to measure except for the body composition assessment, specially triceps and subscapular skinfold thickness, which were reported by PE teachers as diffi cult in 17.8 % (n = 24) of the participants. This could be due to the fact that the body composition assessment is more diffi cult to administer than handgrip, standing long jump or 20 m shuttle run tests. Regarding the safety of the measurements, ≥ 99 % of the items presented a successful answer, indicating that the fi tness tests seem to be safe when administered by PE teachers in the school setting. All the physical fi tness tests were well tolerated by the children and adolescents. Occurrence of severe DOMS in 10 participants was our major concern. The 20 m shuttle run test was reported to cause severe DOMS and diffi culties in daily activities, especially in stair climbing and walking, among a small number of subjects (25) . DOMS is considered to be typically experienced by all individuals regardless of fi tness level, and is a normal physiological response to increased exertion and the performance of unfamiliar physical activities [3] . From a practical point of view, this study proposes a healthrelated fi tness test battery that is reliable, feasible and safe to be administered by PE teachers in the school setting. Given the well-documented evidence about physical fi tness as a marker of health status in children and adolescents [23, 27] the provided battery will help to identify children and adolescents with low physical fi tness levels, which will be useful for health promotion and disease prevention programs. In conclusion, the present study indicates that a health-related fi tness test battery including the 20 m shuttle run, handgrip and standing long jump tests and measures on weight, stature, triceps and subscapular skinfolds, and waist circumference administered by PE teachers is reliable, feasible and safe to be performed in the school setting.
The results presented in this study, together with experiences from the previous projects across Europe (e. g. AVENA, EYHS, HELENA, IDEFICS) indicate that the fi tness test battery examined could be a standardized battery, namely the ALPHA Fitness tests battery, to be used in schools as well as in population based studies. 
